Prostate cancer is a common entity in elderly men. Diagnosis is based on histology obtained from transrectal ultrasound-guided biopsies, whereas magnetic resonance (MR) imaging can be used for local staging of prostate cancer. MR features of extracapsular extension are particularly important as it leads to upstaging of the tumour and significantly affects both treatment and prognosis. The purpose of this review was to demonstrate the MR imaging appearance of different stages of prostate cancer. MR spectroscopy can also aid in improving the diagnosis. Accurate staging can ensure appropriate management and prevent recurrence due to inadequate treatment.
INTRODUCTION
Prostate cancer is common among the Hong Kong male population, with an incidence of 28.5 per 100,000 in 2012. Prostate cancer is the third most common malignancy and is the fifth major cause of cancer deaths in Hong Kong.
1 Both the incidence rate and crude mortality have been steadily increasing over the past decade. Management mainly consists of watchful waiting, radical prostatectomy, hormonal therapy, or radiotherapy. 2 The choice of management pathway depends on a number of factors, including patient age, premorbid status, prostate-specific antigen levels, and the stage of disease. Pretreatment magnetic resonance imaging (MRI) of the prostate plays a crucial role in local staging of the disease, as well as predicting extracapsular extension (ECE) at final pathology.
Detection of ECE on MRI carries a high risk of subsequent biochemical failure and may alter treatment from curative surgery to non-surgical treatment. Recent studies have shown high sensitivity and specificity for ECE and seminal vesicle invasion of MRI.
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PROSTATIC ANATOMY
The prostate gland is an inverted pyramid-shaped structure situated just inferior to the urinary bladder. The prostate gland completely surrounds the prostatic urethra as it exits the bladder base and traverses the prostate gland in its anterior portion. The zonal anatomy of the prostate was first described by McNeal 7 according to function and histology. The prostate gland is divided into four distinct zones: the peripheral zone (constituting 70% of the gland), central zone (constituting 20% of the gland), transition zone (constituting 5% of the gland), and anterior fibromuscular zone (constituting 5% of the gland). The peripheral zone is the most common site for development of prostate cancer and is posterolateral in location. The central zone is the region surrounding the ejaculatory ducts and is located at the bladder base. The transition zone is the tissue immediately surrounding the prostatic urethra proximal to the verumontanum and is the most common location for benign prostatic hyperplasia. The anterior fibromuscular stroma does not contain glandular tissue and consists of fibrous and muscular components.
MAGNETIC RESONANCE IMAGING TECHNIQUES AND SEQUENCES
Several MRI sequences are currently available for prostate imaging, including standard T1-and T2-weighted images, diffusion-weighted imaging (DWI), dynamic contrast-enhanced imaging (DCE-MRI), and MR spectroscopy (MRS). T1-weighted large field of view (FOV) imaging allows an overview of the pelvic anatomy, and detection of post-biopsy haemorrhage and extra-prostatic disease, including nodal and osseous metastasis. T2-weighted imaging with small FOV in thin sections allows tumour detection, localisation, and staging. DWI offers a second parameter to increase the sensitivity and specificity of detection and offers an increased detection rate when combined with T2-weighted imaging. 8, 9 Contrast-enhanced MRI is another adjunct to conventional MRI, which increases the detection rate and is considered optional.
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At 1.5 T, MRI of the prostate can make use of both the endorectal and pelvic coil. The pelvic coil provides a larger FOV for detection of nodal and osseous metastasis. The endorectal coil provides a smaller FOV, thus increasing the signal-to-noise ratio and spatial resolution 11 for better cancer delineation. At 3 T, the signal-to-noise ratio is increased 12 and the use of the endorectal coil has not been determined, so the use of the pelvic coil alone may save time and reduce patient discomfort.
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At Queen Elizabeth Hospital in Hong Kong, almost all patients undergoing MRI of the prostate have biopsyproven prostate cancer, either done by transrectal ultrasound (TRUS)-guided biopsy or by transurethral resection of prostate, as we do not offer screening or primary tumour detection of carcinoma of the prostate gland by MRI. Thus, the main purposes of imaging are for staging and detection of ECE. The standard imaging sequences include conventional large FOV T1-weighted images in the axial plane, small FOV T2-weighted images in three orthogonal planes, DWI and a 1-mm thin-slice T2-weighted three-dimensional SPACE (Sampling Perfection with Application optimized Contrasts using different flip angle Evolution) axial image.
Post-biopsy haemorrhage is a factor affecting the timing of post-biopsy MRI. Blood in the peripheral zone can be hypointense on T2-weighted images, which would obscure underlying prostate cancer and affect the accuracy of MRI in lesion detection. The current recommendation is to wait 4 to 6 weeks to perform post-biopsy MRI to allow adequate time for resolution of any haemorrhage.
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Magnetic Resonance Imaging Appearance of the Prostate and Periprostatic Anatomy
Conventional T1-and T2-weighted imaging sequences are used to evaluate gross pelvic anatomy and prostatic anatomy, respectively. On T1-weighted images, the prostate demonstrates low-to-intermediate signal intensity, while the zonal anatomy is not well delineated due to insufficient tissue contrast resolution between zones. T2-weighted images are most ideal for zonal anatomy depiction.
On T2-weighted images, the central and transition zones have similar low-to-intermediate signal intensity. Differentiation may not be possible, but is rarely important, as the purpose of imaging is to detect ECE. The peripheral zone appears as a relatively hyperintense crescent of tissue covering the posterolateral regions of the prostate. A thin hypointense rim of tissue representing the anatomical prostatic capsule surrounds the peripheral zone. The seminal vesicles appear as high signal intensity, elongated, convoluted structures on both sides posterior to the prostate gland. The neurovascular bundles are located posterolateral to both sides of the prostate and are represented by lowintensity 'dot-like' structures ( Figure 1 ). For the purpose of describing lesion location, the prostate can be divided into six sections based on thirds in a cranio-caudal direction (base, mid-gland, and apex) and then left and right sides.
Magnetic Resonance Imaging Appearance of Localised Prostate Cancer
Prostate cancer can be anatomically staged using Union for International Cancer Control TNM staging 16 ( Table  1) . By definition, T0 and T1 tumours are not visible on imaging and are detected clinically or with TRUSguided biopsy. Localised prostatic tumours fall into the T2 category. This can be further subdivided into T2a, T2b, and T2c based on the extent of involvement within the prostate gland.
On T1-weighted images, prostate cancer appears as lowintensity lesions against a homogeneous low-intensity prostate gland. Thus, lesion detection is difficult. On T2-weighted images, prostate cancer appears as lowintensity lesions in the high-signal-intensity peripheral zone. This offers the best tissue contrast for anatomical detection (Figure 2 ). Differential diagnosis of a lowsignal-intensity lesion on T2-weighted images includes post-biopsy haemorrhage, benign prostatic hyperplasia changes or may be due to previous radiotherapy or hormonal therapy.
On DWI, prostate cancer appears as an area of restricted diffusion showing high intensity on DWI and reduced intensity on the apparent diffusion coefficient map. Different b values exist for DWI of the prostate from b=0 to b=1000 s/mm 2 . b=1000 s/mm 2 has been shown to offer optimal sensitivity for lesion detection. 17 At Queen Elizabeth Hospital, we use b=0, 50, 500, and 1000 s/mm 2 for most prostate imaging.
Post-biopsy haemorrhage usually appears as high signal intensity on T1-weighted images and low signal intensity on T2-weighted images ( Figure 3 ). It is recommended to wait 4 to 6 weeks after TRUS-guided Clinically inapparent tumour neither palpable nor visible by imaging T1a
Tumour incidentally found on histology in ≤5% of resected tissue T1b
Tumour incidentally found on histology in ≥5% of resected tissue T1c
Tumour identified on needle biopsy T2 Tumour confined within prostate T2a
Tumour involving ½ of one lobe or less T2b
Tumour involving more than ½ of one lobe but not both lobes T2c
Tumour Other sites with or without bone disease biopsy to prevent artefacts caused by biopsy-related haemorrhage.
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Magnetic Resonance Imaging Features of Extracapsular Extension
Tumours that have infiltrated beyond the anatomical capsule of the prostate are defined as T3 disease. The category is subdivided into T3a (ECE) and T3b (seminal vesicle invasion). T4 disease denotes invasion into adjacent structures other than the seminal vesicles, including the external sphincter, rectum, urinary bladder, levator ani muscles, or pelvic sidewalls.
Several features are used to define ECE (Table 2) , and recent guidelines from the European Society of Urogenital Radiology have suggested a 5-point scale to assess the probability of ECE based on imaging findings, which gives a score to different features of ECEhigher score denotes a higher probability of ECE in the Prostate Imaging -Reporting and Data System (Table 3) . 18 Diagnosis of ECE is important due to its implications for treatment. The presence or absence of ECE would influence the plan of management by radical prostatectomy or radiotherapy. However, when the disease reaches T3, radical prostatectomy alone is associated with a high risk of positive resection margins and positive lymph nodes and increased risk of local or nodal recurrence. Thus, radiotherapy or hormonal therapy, either as adjuvant or salvage therapy, may be indicated for stage T3 disease 19 ( Figures 4 to 8) .
Magnetic Resonance Imaging Features of Metastatic Disease
Common sites of distant metastasis of carcinoma of the prostate include bone, lymph nodes, lung, liver, and brain. On MRI, large FOV T1-weighted images provide the best coverage of the pelvis to detect osseous and nodal metastasis.
Normal bone marrow in elderly men usually undergoes fatty marrow replacement and demonstrates high signal intensity on T1-weighted imaging. The bony cortex is dense calcium so it shows up as low-intensity cortices. Metastatic prostate cancer usually demonstrates T1-weighted low signal and gives excellent tissue contrast compared with the surrounding healthy bone marrow ( Figure 9 ).
Enlarged lymph nodes also demonstrate T1-weighted low signal against the background of high-signal pelvic fat. Nodal metastases can spread to the obturator, hypogastric, external iliac, internal iliac, common iliac, and para-aortic nodes (Figure 10 ). 20 Metastases to other regions of the body are uncommon, but can include adrenal glands, spleen, or peritoneum. F i g u r e 6 . A x i a l T 2 -w e i g h t e d m a g n e t i c r e s o n a n c e i m a g e s s h o w ( a ) n o r m a l a p p e a r a n c e o f t h e n e u r o v a s c u l a r b u n d l e a p p e a r i n g a s T 2 l o w -s i g n a l 'dots' posterolateral to each side of the prostate gland (arrow), and (b) T2 low-signal tumour in the right posterior peripheral zone with invasion into the right neurovascular bundle (arrow). The hypointense neurovascular bundle is engulfed by the tumour and the T2 low-signal prostatic capsule is breached. 
Magnetic Resonance Spectroscopy
MRS is a promising development in prostate cancer detection. A spectrograph is generated with peaks representing metabolite concentration within each voxel of data. Metabolites of interest include citrate and choline. MRS is able to demonstrate lower citrate levels and higher choline levels in prostate cancer compared with healthy prostate tissue ( Figure 11) . Performing MRS will usually add 15 to 20 minutes to the MRI time. 21 The resulting spectral information can be overlaid onto the T2-weighted images for interpretation. In qualitative analysis, the spectra are visually compared. In quantitative analysis, a choline plus creatinine to citrate ratio is determined by software (Siemens NUMARIS/4). These ratios can be interpreted as a 5-point scale to assess the probability of malignancy (Table 4) . 19 MRS has been shown to increase the accuracy of the diagnosis, but it is not recommended to be performed alone. 22, 23 It has also been shown to be a valid tool for detecting recurrence and monitoring the therapeutic response. -methylene diphosphonate bone scan shows increased uptake (black arrows) in areas corresponding to the magnetic resonance imaging-detected abnormalities representing osseous metastases. The semiquantitative method uses relative enhancement curves, which can be calculated to reveal a type 1 curve (progressive enhancement over time), type 2 curve (plateau, no change in enhancement over time), or type 3 curve (early rapid enhancement followed by decreased enhancement). The type 3 curve is most suspicious of prostate malignancy, especially if there is a corresponding focal abnormality on other sequences. 25 Sensitivity and specificity can reach up to 76.5% and 89.5%, respectively, in patients with prior negative TRUS-guided prostate biopsy.
25 DCE-MRI has been shown to improve detection of postprostatectomy and post-radiotherapy recurrences.
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CONCLUSION
Conventional MRI combined with DWI plays a major role in detection and staging of prostate cancer. Understanding the features of ECE and metastasis has potential implications for treatment and prognosis of the disease. Multiparametric imaging with DCE-MRI and MRS has an adjunctive role for selected cases or for detection of recurrence after surgery or radiotherapy.
Rating
Peripheral zone Central zone Table 4 . European Association of Urology scoring system for choline plus creatinine:citrate ratio for different prostatic tissues.
19 Figure 11 . Magnetic resonance spectroscopy shows (a) a healthy prostate and (b and c) a prostate containing malignancy. In (a), citrate (Ci) is the predominant metabolite resonating at ~2.6 ppm. Choline (Cho) and creatinine (Cr) have overlapping spectra at 3.0-3.2 ppm and are read together as a summation of Cho and Cr peaks. The Cho and Cr peaks are much lower than the Ci peak. In (b), the spectra graph in the left lobe healthy prostate tissue resembles the spectra in (a), but shows suppressed Ci peak in the right lobe containing the prostate cancer. (c) A (Cho+Cr) to Ci ratio is generated and superimposed on the axial T2-weighted image showing elevated ratios in the area of the T2 low-signal tumour.
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